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Description 

The invention concerns a method and an apparatus for producing a metal 
hydroxide, in particular magnesium hydroxide, as set forth in the classifying portions 
of claims 1 and 20 respectively. 

Metal hydroxides are raw materials which are required industrially in many 
different ways. That applies in particular to magnesium hydroxide which is used for 
example for cleaning flue gases and in sewage treatment. Pure magnesium hydroxide 
is employed in particular as an additive for washing agents, as an additive in plastic 
material processing and as a pharmaceutical^ active ingredient in stomachic agents. 

Metal hydroxides occur in nature in the most widely varying forms. For 
example magnesium hydroxide occurs as brucite. Hitherto it has been obtained 
primarily from spent liquors from potassium salt processing or by precipitation from 
sea water which on average contains about 0.5% magnesium. For that purpose milk 
of lime is generally added to both liquids, that is to say the liquor or the sea water, 
whereby magnesium hydroxide is precipitated from the liquids. It is then separated 
off in filter presses. Similar methods are known for further metal hydroxides. 

The known methods suffer from the disadvantage that the operation of 
separating off the magnesium hydroxide requires large filter surface areas and long 
filter times because of a greasy deposit in those liquids. That results in long expensive 
manufacturing methods and costly and expensive structural measures in terms of the 
production apparatus. 

Therefore the object of the present invention is to provide a method and an 
apparatus for producing a metal hydroxide, which permits simple, inexpensive and 
rapid production of the metal hydroxide in a high state of purity. 

According to the invention that object is characterised by a method of 
producing a metal hydroxide, having the features of claim 1. An apparatus for 
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carrying out in particular the method according to the invention is characterised by 
the features of claim 20. 

The method according to the invention provides that firstly the metal is 
precipitated in the form of hydroxide from a salt solution. That gives rise to a 
5 suspension. That suspension is then filtered. For that purpose a cross-flow filter 

technology is used: the salt solution-bearing suspension is filtered through a filter by 
means of the cross-flow filter procedure. A permeate which is produced upon 
filtration of the salt solution-bearing suspension is fed to the cross-flow filtration 
installation again, this preferably involving recycling of the permeate into the cross- 

1 0 flow filtration installation. 

The invention is based on the realisation that the particles produced by the 
precipitation operation are transported predominantly in the core of the flow in the 
cross-flow filtration procedure by virtue of the turbulent flow conditions which obtain 
in that situation. The turbulent flow conditions permit dissolved foreign substances to 

15 be uniformly washed out. Feeding or recycling the permeate into the cross-flow 
filtration installation provides for recurrent purification of the metal hydroxide- 
bearing solution with the permeate which is becoming more and more salt-free so that 
troublesome foreign substances and impurities in any concentration can be separated 
from that solution. The metal hydroxide-bearing suspension is thus continuously 

20 freed of salts and further substances. In that way it is possible to obtain metal 
hydroxide in a simple fashion, of very high quality. 

In accordance with a first embodiment of the invention the permeate of a filter 
is fed to at least one other filter of the cross-flow filtration installation. That 
preferably denotes recycling of the permeate from the one filter to the other filter. 

25 In accordance with a further embodiment of the invention the salt solution- 

bearing suspension is filtered by means of a membrane filter. Preferably the 
membrane filter has pores which involve a pore width of up to 30 micrometres. In a 
particularly preferred embodiment the pore width is between 0.05 and 0.5 
micrometre. 

30 Preferably for precipitation of the metal the salt solution is passed to a 

reaction container in which the metal is precipitated in the form of hydroxide. It is 
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further preferably provided that after filtration a concentrate obtained from the filter is 
purified for definitively obtaining the metal hydroxide. 

A particular embodiment of the method according to the invention provides 
the following: firstly the salt solution containing the metal is made alkaline in a 
5 reaction container. As a result the metal is precipitated in the form of a hydroxide 

which is present in very finely dispersed form in a suspension which was produced by 
the precipitation step. The suspension is preferably fed to a working container 
connected to a cross-flow filtration installation, for example an ultrafiltration or 
microfiltration installation. A permeate is separated off in that installation, preferably 

10 by way of a membrane filter, the permeate being in the form of a metal hydroxide- 
free salt solution. The permeate is passed to a reverse osmosis unit if the content of 
dissolved salts is not so high that it cannot be processed by the reverse osmosis unit. 
The concentrate which is retained by the membrane filter contains a concentrated 
suspension with metal hydroxide which is preferably passed back into the working 

15 container again. Pure water additionally flows to the working container and is used 
for flushing out further soluble salts. The pure water is preferably taken from the 
reverse osmosis unit. The concentrate which is produced in the reverse osmosis 
procedure and which contains in particular the soluble salts is taken off. In other 
words, it is no longer used for the method according to the invention. The above- 

20 described embodiment has the advantage that the suspension containing the metal 

hydroxide is continuously freed, of salts and further substances which are removed as 
concentrates by way of the reverse osmosis unit. 

The above-indicated embodiment is based on the following considerations: by 
virtue of the strongly turbulent flow conditions specific to cross-flow filtration 

25 installations, the filtration procedure acts as a mixing member so as to permit 

dissolved foreign substances and impurities to be very uniformly washed out. By 
virtue of the intensive mixing effect, a very small grain is produced in the suspension 
as the turbulent flow configuration prevents the formation of agglomerates in the 
suspension and agglomerates which have been formed are broken up. As that avoids 

30 stationary 'concentration islands' within a particle agglomerate, that procedure also 
intensifies and accelerates the effect of flushing out dissolved foreign substances or 
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impurities which in the methods known hitherto last for a very long time. Cyclically 
increasing the level of particle concentration in the working container and subsequent 
dilution by the supply of pure water makes it possible to produce any desired quality 
of purity without additional purification stages having to be integrated for that 
purpose. 

In a further embodiment of the invention the salt solution-bearing suspension 
is filtered by means of at least two filters, wherein a first filter is connected or 
arranged upstream of a second filter. Preferably those filters are each arranged in a 
respective filter stage which are connected in succession. 

It is further preferably provided that the permeate which passes through the 
second filter is passed back to the first filter. 

In a further embodiment of the method according to the invention at least one 
filter or at least one of the filter stages is fed with pure water for flushing out at least 
one soluble salt from the suspension which is produced upon precipitation of the 
metal from the salt solution. It is further advantageous for the permeate which leaves 
the first filter stage or the first filter to be fed to a reverse osmosis unit if - as already 
described above - the levels of salt concentration allow that. Preferably the pure water 
obtained by means of the reverse osmosis unit is fed to the second filter or the filter 
stage. It is further preferably provided that the permeate leaving the filter of the 
second filter stage is fed to the first filter stage. Preferably connected upstream of the 
first filter stage there is also a further filter stage with which as much salt solution as 
possible is removed from the suspension. 

All the above-indicated embodiments are based on the principle of extraction 
in counter-flow relationship. A plurality of cross-flow filtration stages are connected 
in succession or operated one downstream of the other (that is to say are used a 
plurality of times one after the other), wherein preferably a salt-free permeate from 
reverse osmosis flows to the last cross-flow filtration stage. A concentrate which was 
washed with salt-free permeate then leaves the last cross-flow filtration stage. The 
permeate of that cross-flow filtration stage, which is now only slightly contaminated 
with dissolved salts, is then fed to the previous cross-flow filtration stage for washing 
out the salts which are present there. Connecting a plurality of cross-flow filtration 



- 5 - 



M63US011 



stages in succession makes it possible to produce metal hydroxide in virtually any 
desired state of purity with that counter-flow procedure. A further advantage is that 
the amount of pure water required for the purification operation is reduced. 

A further embodiment of the method according to the invention provides that 
5 precipitation of the metal is effected by milk of lime or caustic soda solution. 

The apparatus according to the invention for carrying out in particular the 
above-described method is characterised by the features of claim 20. It has at least 
one reaction container or reaction unit for the precipitation of the metal from the salt 
solution and at least one filter stage which has at least one filter for filtration of the 
10 salt solution-bearing suspension obtained by the precipitation operation. A permeate 
passes through the filter. There is also provided at least one conduit for feeding or 
recycling the permeate into at least one of the filter stages. 

Some embodiments of the invention are described in greater detail hereinafter 
with reference to Figures in which: 
15 Figure 1 is a view showing the principle of a first apparatus for carrying out 

the method, wherein magnesium hydroxide is produced from a concentrate, 

Figure 2 is a view showing the principle of a second apparatus for carrying out 
the method, wherein magnesium hydroxide is produced from a concentrate, and 

Figure 3 is a view showing the principle of a third apparatus for carrying out a 
20 further method, wherein magnesium hydroxide is produced from a concentrate. 

Figure 1 is a view in principle showing a first apparatus according to the 
invention for carrying out the method according to the invention, in which 
magnesium hydroxide is produced from a concentrate. The individual structural units 
are described in greater detail with reference to the description of the method 
25 according to the invention. 

A magnesium-bearing salt solution is fed to a reaction container 1 in which 
the solution is made alkaline by the addition of milk of lime or a caustic soda 
solution. After reaching a pH-value of about 1 1.5 all the magnesium is precipitated in 
the form of hydroxide and is present in finely dispersed form in the suspension 
30 produced in that way. The suspension is then passed to a working container 2 

connected to a filtration stage 3. A permeate is separated off by means of the filtration 
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stage 3. The permeate is a magnesium hydroxide-free solution and it is fed to a 
reverse osmosis unit 4. The concentrate which is retained by the membrane, unlike 
the suspension produced in the reaction container, contains a concentrated suspension 
with magnesium hydroxide which is fed back into the working container 2 again. 
5 Pure water additionally flows to the working container 2 and, together with the 
filtration stage 3, serves to flush out further salts. The pure water is taken from the 
reverse osmosis unit 4, the concentrate of which is disposed of. After that procedure 
has been run a plurality of times, the concentrate which is retained by the filtration 
stage 3 and which only still contains highly pure magnesium hydroxide is discharged. 

10 A further embodiment by way of example of an apparatus according to the 

invention for carrying out the method according to the invention in which magnesium 
hydroxide is produced from a concentrate is shown in Figure 2. The illustrated 
apparatus has a plurality of successively connected cross-flow filtration stages 6 to 8 
(hereinafter each referred to as a filter stage) which each have a respective membrane 

15 filter. The pore width of the membrane filter is here between 0.05 and 0.5 
micrometre. 

The solution containing the magnesium is mixed with caustic soda solution in 
a reaction container 5 so that the magnesium precipitates in the form of magnesium 
hydroxide. Then the suspension produced in that way is fed to a first filter stage 6 

20 with which a pre-filtration operation is effected. The permeate issuing through the 
membrane filter of the filter stage 6, in the form of water and soluble salts, is carried 
off into a duct. The concentrate produced from the filter stage 6 is fed to a further 
filter stage 7. The permeate from that filter stage 7 is fed to a reverse osmosis unit 9. 
The permeate thereof is highly pure water and is fed to a further filter stage 8. The 

25 concentrate from the reverse osmosis unit 9 is discharged into a duct for disposal. 

The permeate produced by the filter stage 8 only has small quantities of salts 
and for the removal of further salts is recycled into the filter stage 7 which is 
connected upstream of the filter stage 8. The concentrate produced by the filter stage 
8 has the highly pure magnesium hydroxide. 

30 A further embodiment of an apparatus according to the invention which uses 

the method according to the invention is shown in Figure 3. Added to a salt solution 
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which is passed into a reaction container 1 0 and which contains the magnesium is a 
lye, whereby magnesium hydroxide is precipitated. The salt solution-bearing 
suspension which is produced as a result is fed to a pre-filtration stage 1 1 which is 
connected downstream of the reaction container 10. The concentrate which is 
produced in the pre-filtration operation is passed to a mixer 12 which is connected 
downstream of the pre-filtration stage 1 1 and the function of which will be discussed 
in greater detail hereinafter. The residual substances which are retained in the pre- 
filtration operation are passed into the waste water. 

From the mixer the suspension passes into a plurality of successively 
connected filter stages 13 to 17, wherein the concentrate of one filter stage is always 
passed to the downstream-connected filter stage. The permeate leaving the individual 
filter stages is recycled into respective different units of the apparatus according to 
the invention, preferably being recycled into upstream-disposed filter stages. By way 
of example the permeate of the filter stage 15 is recycled to the filter stage 14 and the 
permeate of the filter stage 17 is recycled to the filter stage 16. The permeate becomes 
more and more salt-free at each filter stage. The permeate of the filter stage 14 is fed 
to the mixer 12 and it is then mixed with the concentrate from the pre-filtration stage 
11 in the mixer 12. 

The filter stage 17 is fed with the concentrate from the filter stage 16 and the 
permeate from a reverse osmosis unit 18, which is almost salt-free. The reverse 
osmosis unit 1 8 itself is fed either with fresh water or the permeate from the filter 
stage 13. The concentrate from the filter stage 17 is almost salt-free and contains 
almost exclusively the highly pure magnesium hydroxide. 

The method according to the invention and the apparatus according to the 
invention have the advantage that the permeate from a filter stage, which is only 
slightly contaminated with dissolved salts, is recycled to an upstream-connected filter 
stage for washing out the salts which are present there. The successive connection of 
a plurality of filter stages provides that metal hydroxide can be produced in virtually 
any state of purity with that counter-flow procedure. For example the arrangement of 
filter stages which is illustrated with the large brackets in Figure 3 can be connected 
in succession as often as may be desired. 
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